What ' s known on the subject? and What does the study add? Tobacco use is the single most preventable cause of disease and death, and -among other medical sequelae -is associated with elevated rates of erectile dysfunction. This is the fi rst study that shows that quitting smoking enhances both physiological and self-reported indices of sexual health in long-term male smokers. It is hoped that these results may serve as a novel means to motivate men to quit smoking.
What ' s known on the subject? and What does the study add? Tobacco use is the single most preventable cause of disease and death, and -among other medical sequelae -is associated with elevated rates of erectile dysfunction. This is the fi rst study that shows that quitting smoking enhances both physiological and self-reported indices of sexual health in long-term male smokers. It is hoped that these results may serve as a novel means to motivate men to quit smoking.
OBJECTIVE
• To provide the fi rst empirical investigation of the association between smoking cessation and indices of physiological and subjective sexual health in men.
SUBJECTS AND METHODS
• Male smokers, irrespective of erectile dysfunction status, who were motivated to stop smoking ( ' quitters ' ), were enrolled in an 8-week smoking cessation programme involving a nicotine transdermal patch treatment and adjunctive counselling.
• Participants were assessed at baseline (while smoking regularly), at mid-treatment (while using a high-dose nicotine transdermal patch), and at a 4-week post-cessation follow-up.
• Physiological (circumferential change via penile plethysmography) and subjective sexual arousal indices (continuous self-report), as well as self-reported sexual functioning were assessed at each visit.
RESULTS
• Intent-to-treat analyses indicated that, at follow-up, successful quitters ( n = 20), compared with those who relapsed ( n = 45), showed enhanced erectile tumescence responses, and faster onset to reach maximum subjective sexual arousal.
• Although successful quitters displayed across-session enhancements in sexual function, they did not show a differential improvement compared with unsuccessful quitters.
CONCLUSIONS
• Smoking cessation signifi cantly enhances both physiological and self-reported indices of sexual health in long-term male smokers, irrespective of baseline erectile impairment.
• It is hoped that these results may serve as a novel means to motivate men to stop smoking.
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INTRODUCTION
Tobacco use constitutes the single most preventable cause of disease and death in the world today [ 1 ] , and is responsible for enormous health and economic burdens. In addition to introducing cardiovascular [ 2 ] and respiratory diseases [ 3 ] , as well as many types of cancer [ 4 ] , smoking has been associated with elevated rates of erectile dysfunction (ED). ED is considered a signifi cant public health problem and is estimated to affect 34 million men in the USA and > 150 million men worldwide [ 5, 6 ] . Large cross-sectional [ 7 -11 ] and longitudinal [ 12 ] epidemiological studies indicate that chronic smokers are about 1.5 to 2-times as likely as nonsmokers to report ED, even after controlling for age and confounding cardiovascular risk factors.
Considering the robust evidence indicating the link between cigarette smoking and ED, an intervention with the broadest health impact is smoking cessation. To the author ' s knowledge, only two studies have investigated the effects of stopping smoking on sexual responding. Sighinolfi et al . [ 13 ] tested 20 heavy smokers with ED and these participants showed a signifi cant improvement in penile blood fl ow 24 to 36 h after smoking discontinuation. Similarly, Guay et al . [ 14 ] measured nocturnal penile tumescence and rigidity in 10 male smokers. Results showed signifi cant improvement 24 h after smoking cessation for both of these indices. Additionally, four men were assessed 1 month later while adhering to a daily 21-mg nicotine transdermal patch regimen, and results indicated a trend for continued improvement.
These studies provide an excellent foundation for examining the putative relationship between smoking and sexual health; however, they raise several questions that remain unanswered. First, these studies have only assessed individuals with clinically diagnosed ED, and therefore it remains unclear how smoking cessation affects sexual arousal responses in nonclinical individuals. Second, although improvements in erectile capacity were shown in these studies, it is unclear how these statistically signifi cant improvements translate to clinically signifi cant enhancements. Incorporating a ' gold-standard ' measure of sexual functioning would help address this issue and would be a valid way of assessing changes in sexual health.
Although stopping smoking substantially enhances many aspects of health, the positive health benefi ts of smoking cessation are not suffi cient enough for many smokers to consider quitting. Therefore, the primary aim of the present study was to examine whether stopping smoking was associated with sexual health improvements, with the hope that the results could serve as a novel means to infl uence men to stop smoking. Sexual arousal, measured both physiologically and subjectively, as well a sexual functioning, were assessed at three time intervals: (i) at baseline, while participants were regularly smoking; (ii) at mid-treatment, while using a 21-mg nicotine transdermal patch; and (iii) at follow-up, 4 weeks after nicotine patch cessation.
SUBJECTS AND METHODS
Male participants, who were motivated to stop smoking (quitters), were recruited through online and community advertisements between 2008 and 2010. All prospective participants were screened via telephone for inclusion/exclusion criteria. Participants were eligible for inclusion if they were between the ages of 23 and 60 years, smoked at least 15 cigarettes/day for a minimum of 5 consecutive years, had no self-reported sexual dysfunction before smoking onset, and were sexually active. Exclusion criteria were as follows: (i) use of medications known or thought to affect sexual or vascular functioning, or that are contraindicated by the nicotine patch; (ii) use of non-nicotine smoking cessation medications at time of enrollment (bupropion, varenicline); (iii) medical conditions known to affect sexual functioning, or that could make nicotine administration unsafe (e.g. recent myocardial infarction, stroke, heart arrhythmias, angina); (iv) uncontrolled hypotension or hypertension; (v) history of severe drug or alcohol abuse during the past 12 months ( ≥ 16 points on the Alcohol Use Disorders Identifi cation Test (AUDIT) [ 15 ] and ≥ 6 on the Drug Abuse Screening Test (DAST-10) [ 16 ] ); and (vi) self-report of a sexually transmitted infection.
INTERVENTION
Participants received an 8-week nicotine transdermal patch treatment (Habitrol ® , Novartis Consumer Health Inc., Summit, NJ, USA) administered in a step-down fashion (21 mg, weeks 1 -4; 14 mg, weeks 5 -6; 7 mg, weeks 7 -8). All participants were monitored weekly for patch compliance, as well as for intra-and post-treatment tobacco and nicotine replacement therapy use. Participants also received adjunctive counselling, which was based upon the tobacco use and dependence clinical practice guidelines [ 17 ] and the protocols of the National Cancer Institute [ 18 ] . Counselling occurred during a participant ' s laboratory visit and lasted 45 min. Participants also received a minimum of ten 10-min weekly telephone counselling sessions.
PROCEDURE
During the initial telephone screening, a ' quit ' date was set, which corresponded to the day after their fi rst experimental session. All men entered the laboratory at their preferred nicotine level, but were not allowed to smoke during any experimental session. Participants were tested individually in a private, internally locked testing room. After providing written informed consent, participants completed a battery of self-report measures assessing demographic variables, mood (via the Positive and Negative Affect Schedule (PANAS) [ 19 ] ), and several smoking characteristics. All participants provided saliva samples and they were spuriously informed that these samples would be assayed for salivary nicotine content. This was to help ensure valid self-reporting of cigarette consumption. Participants then fi t the penile plethysmograph themselves and viewed an erotic fi lm. During fi lm presentation, participants were asked to continuously monitor their level of subjective sexual arousal using a hand-controlled device. Immediately after the fi lm presentation, participants removed the plethysmograph and they were given 28 high-dose patches, and were asked to start nicotine replacement therapy the following morning.
The procedures of visits 2 and 3 were identical to the fi rst session. The second visit occurred during week 4 of patch treatment. At the completion of the session, participants were given the remainder of the patch regimen. At the completion of the third laboratory visit (4 weeks after completing the 8-week patch intervention), participants were provided $30, and were mailed a detailed report of their laboratory assessments. The protocol was approved by the University of Texas at Austin Institutional Review Board.
PRIMARY OUTCOME MEASURES
Genital arousal was assessed via penile circumferential change using a mercury-inrubber strain gauge (Hokanson, Inc., Bellevue, WA, USA). Penile tumescence is considered the most sensitive index of sexual arousal and the most reliable measure of physiological response [ 20 ] . The signal was sampled at a rate of 80 samples/s, bandpass fi ltered (to 0.5 Hz), and digitized (40 Hz). Indices of physiological sexual arousal included within-session percentage change in penile tumescence, and rate of onset to reach maximum tumescence (slope).
Measures of self-reported sexual arousal were continuously measured using a hand-controlled device [ 21 ] , which consisted of a mouse mounted on a wooden track divided into seven equally spaced intervals, where zero indicated neutral, and 1 -7 refl ected increasingly higher levels of feeling sexually aroused. A software program written in MatLab (The MathWorks, Inc, Natick, MA, USA) detected the position of the pointer with respect to the y -axis of the computer ' s monitor, and the signal was low-pass fi ltered (to 0.5 Hz), and digitized (40 Hz). Indices of subjective sexual arousal included within-session percentage change, and rate of onset to reach maximum arousal (slope).
Sexual function was assessed with the International Index of Erectile Function (IIEF) [ 22 ] , which is the most widely used psychometric index of self-reported erectile function. The IIEF is a 15-item measure assessing fi ve-factor analytically derived areas of male sexual functioning including erectile function, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction. Participants reporting an IIEF
erectile function score of ≤ 25 were considered to have ED of a clinical nature [ 23 ] .
DATA REDUCTION
Initial physiological and continuous subjective sexual arousal scores for each session were computed by averaging all data collected during the neutral and erotic fi lm segments. The percentage change (from the neutral to erotic fi lm presentations) was calculated for both physiological and continuous subjective sexual arousal. Effi cacy of smoking cessation was evaluated with the use of a 1-week point prevalence abstinence rate at week 12 (4 weeks after patch discontinuation). Participants reporting zero cigarettes during the prior 7 days at follow-up were considered successful quitters, whereas individuals reporting ≥ 1 cigarettes were classifi ed as unsuccessful quitters (relapsers).
The required sample size was calculated to provide at least 80% power with a two-tailed α set at 0.05. Based upon these parameters, a priori power analyses suggested that 18 participants were necessary in each group at each time point to detect across-session differences, and a total sample size of 54 participants was necessary to adequately assess betweengroup differences. To be conservative, 65 participants were enrolled.
All analyses were conducted on an intent-to-treat basis using full information maximum likelihood estimation [ 24 ] . Missing values for each primary outcome variable were successively estimated using several baseline characteristics, discontinuation status, as well as each respective baseline primary outcome value. Additionally, total number of cigarettes smoked throughout the study, total patch use (days), and number of cigarettes smoked during week 12 were estimated in a similar fashion. Group status (successful quitter, relapser) was based on these imputed values. General linear modelling (in the form of 3 × 2 repeated measures analysis of covariance [ ANCOVA ] models) was used as the primary analytical approach to compare successful and unsuccessful quitters at each time point for all outcome measures. For these analyses, the interaction effect of group × time was of primary interest. In cases where the overall interaction term was statistically signifi cant, planned comparison F -tests for adjusted cell means were used to assess between-group differences at each time point. Pack years, total cigarettes smoked throughout enrolment, baseline erectile functioning, baseline drinking severity, and smoking status at visit 2 (smoke-free, relapsed) were entered as covariates in all analyses. Differences in baseline characteristics between treatment completers and those that discontinued treatment, as well as between successful quitters and relapsers, were compared with t tests or Pearson chi-squared tests, as appropriate. Fisher ' s exact tests were used in cases with low cell counts. All analyses were performed using SPSS statistical software version 17.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
In all, 228 men completed the initial telephone screening. Of these individuals, 116 were ineligible, nine declined to participate, and nine were unable to be contacted further to enrol. Of the 112 men who met inclusion criteria, 47 did not attend their initial evaluation, resulting in a fi nal sample of 65 participants. The discontinuation rate was 28% after the initial visit, and 49% after the second visit, resulting in 51% who completed the study ( Fig. 1 ) 25. respect to education and race. Specifi cally, those who withdrew reported less years of education ( P = 0.02; d = 0.60), and were more likely to be non-White ( P = 0.01; φ = 0.32) ( Table 1 ). Successful and unsuccessful quitters did not differ signifi cantly on any of the socio-demographic or smoking characteristics. The only variable on which groups differed was baseline drinking severity, with unsuccessful quitters reporting signifi cantly less alcohol use compared with successful quitters ( P < 0.01; d = 0.40). For treatment effi cacy, 35% (23/65) and 69% (45/65) of men were considered relapsed at mid-treatment and follow-up, respectively. Successful quitters reported smoking less cigarettes ( P < 0.001; d = 0.80) and reported a more days using the patch ( P = 0.05; d = 0.27) compared with unsuccessful quitters. . Post hoc tests of between-subjects contrasts showed signifi cantly greater within-session percentage increases in erectile tumescence among successful quitters compared with unsuccessful quitters at follow-up ( P = 0.02, d = 0.31). There were no between-group differences at mid-treatment ( Fig. 2 ) . For erectile onset, both groups had signifi cant within-group improvements across time, with both groups showing increased erectile onset at follow-up compared with baseline (successful quitters: P = 0.04; d = 0.50; unsuccessful quitters: P < 0.001, d = 0.54). There were no differential enhancements across time as a function of group status, and therefore groups did not differ from one another at mid-treatment or follow-up ( Fig. 3 ) .
ANALYSES OF CONTINUOUS SUBJECTIVE SEXUAL AROUSAL
Results of the repeated measures ANCOVAs did not show any signifi cant group × time interaction effects for within-session percentage change in subjective sexual arousal [ F (4124) = 1.47, P = 0.22, η 2 = 0.05 ] . As can be seen in Fig. 4 , neither group displayed any signifi cant across-session changes. However, there was a statistically signifi cant group × time interaction for rate of onset to reach maximum subjective sexual arousal [ F (4124) = 4.64, P < 0.01, η 2 = 0.13). Post hoc tests of betweensubjects contrasts showed signifi cantly greater rate of onset at follow-up among successful quitters compared with unsuccessful quitters ( P < 0.001, d = 0.50). Similar to analyses of physiological sexual arousal, there were no between-group differences at mid-treatment ( Fig. 5 ) . unsuccessful quitters. Although successful quitters had a larger rate of ED remission, there were no statistically signifi cant between-group differences at any time point. 
ANALYSES OF EFFECT MODERATORS
Whether subjective ratings of mood covaried with the three outcome measures were also explored. Difference scores between the fi rst and last session were separately derived within participants for each outcome measure, as well as for positive affect (PA) and negative affect (NA) scores of the PANAS. These sets of corresponding difference scores were then entered into separate regression models. There was no association between PA and NA change scores and erectile tumescence change scores for either successful or unsuccessful quitters. Similarly, there was no association between changes in PA or NA for selfreported sexual arousal and sexual function for either of the two groups of quitters. Taken together, these results indicate that changes in sexual arousal were not an epiphenomenon of affect change as a result of smoking status.
DISCUSSION
The present study examined the association between quitting smoking and indices of physiological and subjective sexual health in long-term male smokers, irrespective of baseline erectile functioning. Results indicated that successful quitters, compared with unsuccessful quitters, exhibited signifi cantly greater penile tumescence at follow-up (4 weeks after nicotine patch discontinuation), but there were no differences at mid-treatment (while using a high-dose nicotine patch). Although rate of onset to reach maximum erectile capacity showed the same pattern of improvement, there were no differential enhancements across time as a function of group status. The overall pattern of results was similar to previous studies showing signifi cant improvements in penile blood fl ow [ 13 ] , as well as rigidity and tumescence [ 14 ] , as a result of smoking cessation. Furthermore, results suggested that cessation-induced improvements in genital responses were attributable primarily to nicotine elimination (as evidenced by between-group differences in physiological outcome measures at follow-up when successful quitters were nicotine and smoke free), rather than tobacco smoke discontinuation alone (i.e. lack of statistical between-group differences at mid-treatment). In fact, effect sizes for between-group comparisons at follow-up (range 0.12 to 0.33) were about three-times larger than the effect sizes for midtreatment comparisons (range 0.01 to 0.09). These results are similar with previous studies showing that isolated nicotine hinders male genital responses [ 25 ] . Although all participants had large and reliable increases in subjective sexual arousal during each experimental session, stopping smoking had no differential group effect on the percentage increase in self-reported sexual arousal. However, there was an association between stopping smoking and rate of onset to reach maximum subjective sexual arousal. Specifi cally, successful quitters vs unsuccessful quitters had signifi cant across-session improvements, which resulted in signifi cantly faster rates of onset at follow-up. In fact, 4 weeks after discontinuing the nicotine patch, successful quitters had a fi ve-fold enhancement in rate of onset to reach maximum subjective sexual arousal compared with participants who relapsed (effect size 0.50 vs 0.09).
Unlike results of physiological and subjective sexual arousal, men did not show statistically signifi cant improvements in self-reported sexual function as a result of smoking cessation. However, it deserves mention that successful quitters had a 75% remission rate of ED, and at follow-up only 5% met criteria for ED, which is below age-associated norms [ 26, 27 ] . In fact, relapsed participants were nearly threetimes as likely to report ED at follow-up compared with successful quitters.
It is unclear why statistical changes in laboratory measures of erectile responding did not correspond with clinically signifi cant enhancements among successful quitters. One possibility is that participants may have displayed subtle, albeit statistically signifi cant, changes in erectile capacities that were not of suffi cient magnitude to noticeably affect their sexual performances in real-life sexual settings (e.g. vaginal penetration, erectile maintenance). It is also possible that a 4-week follow-up period is not of suffi cient duration to fully capture improvements in real-life sexual performance and function. It is feasible that stopping smoking enhances genital responses relatively quickly and in an automatic fashion, whereas men ' s perceptions of their sexual function (which is, in part, a result of partner feedback) may take longer to be refl ected as signifi cant augmentations via a self-report measure.
The present study has several strengths. First, to the author ' s knowledge, this is the fi rst study of the association between smoking cessation and sexual health that recruited men irrespective of ED status. This is especially important, considering that most smokers (aged < 60 years) would not be expected to have erectile diffi culties, whereas after 60 years of age, the natural age-associated rate of ED increases substantially, with most individuals reporting clinically signifi cant erectile diffi culties [ 27 ] . Second, the present study is the fi rst to examine cessation-induced changes in subjective indices of sexual health. Complementing physiological laboratory assessments with a well-validated measure of sexual functioning provided a means of assessing clinically signifi cant changes. Moreover, including measures of continuous subjective sexual arousal responses provided a means to assess the interplay between cognitive aspects of sexual arousal and physiological responses. Third, this was the fi rst study that has incorporated a comparison control group (unsuccessful quitters), thereby enhancing internal validity.
A number of limitations warrant mention. First, this was not a clinical trial with randomization, and therefore results should be interpreted cautiously. However, the study did use a between-group design, comparing relapsed participants (which served as a quasi-control group) to successful quitters. A second limitation is that smoking abstinence was determined by self-report rather than by objective biochemical verifi cation. It should be noted that all participants provided saliva samples at each visit and they were spuriously informed that these samples would be assayed for cotinine content (a by-product of nicotine that has a relatively long half-life), and verifi ed with their self-report. This technique has been shown to produce reliable and accurate estimates of smoking [ 28 ] . A third limitation is that ED was assessed via a self-report measure, and therefore participants did not undergo a medical evaluation. Considering that the present study was concerned with the classifi cation of ED as a primary endpoint, rather than understanding the aetiology and type of erectile diffi culty, using the IIEF in this regard was appropriate.
Results of the present study have important clinical and public health implications. In addition to discussing traditional acute (e.g. enhanced cardiovascular and pulmonary functioning) and long-term (e.g. reduced morbidity and mortality from cancer, lung disease, and heart disease) benefi ts of stopping smoking with patients, healthcare providers may fi nd it useful to discuss the benefi ts of quitting smoking in terms of enhanced erectile performance. This may serve as a more motivating and relevant means for men to consider the cessation process. An important point to note is that these results suggest that men who do not complain of erectile problems may still benefi t sexually from quitting smoking. In fact, previous studies suggest that smoking may have a stronger deleterious effect on sexual functioning in younger compared with older men [ 29 ] . Therefore, these results may serve as an important motivator, particularly for young men who may put considerable importance on their erectile performance, to consider quitting smoking. Enhancing successful smoking cessation in men would signifi cantly enhance quality of life, substantially reduce premature death, and alleviate enormous economic burdens caused by smoking-related diseases such as cardiovascular disease, respiratory disease, and cancer.
In conclusion, this is the fi rst study that shows that smoking cessation signifi cantly enhances both physiological and selfreported indices of sexual health in long-term male smokers, irrespective of baseline erectile impairment. It is hoped that these results may serve as a novel means to infl uence men to quit smoking.
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